Upper bounds on signals due to WIMP self— annihilation: comments on the case of 
the synchrotron radiation from the galactic center and the WMAP haze 
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Two recent papers reconsider the possibility that the excess of microwave emission from a region 
within ~ 20° of the galactic center (the WMAP haze), measured by WMAP, can be due to the syn- 
chrotron emission originated by neutralino self-annihilation; on the basis of this possible occurrence, 
also upper bounds on the neutralino self-annihilation cross-section are suggested. In the present 
note, we show that in the common case of thermal WIMPs in a standard cosmological model, when 
the rescaling of the galactic WIMP density is duly taken into account for subdominant WIMPs, 
the upper bound applicable generically to any signal due to self-conjugate WIMPs is more stringent 
than the ones obtained from analysis of the WMAP haze. We also argue that an experimental upper 
bound, which can compete with our generic upper limit, can rather be derived from measurements of 
cosmic antiproton fluxes, for some values of the parameters of the astrophysical propagation model. 
Finally, we comment on the possible impact of our generic upper bound on the interpretation of the 
WMAP haze in terms of thermal neutralinos in a standard cosmological scheme. 

PACS numbers: 95.35.+d,98.35.Gi,98.35.Pr,96.40.-z,98.70.Sa,lL30.Pb,12.60.Jv,95.30.Cq 



Synchrotron radiation, emitted by positrons and elec- 
trons created by self-annihilation of WIMPs in the galac- 
tic center, has long since been analyzed as a poten- 
tially interesting signature for particle dark matter in our 
Galaxy. In Refs. [l|, Q it has been suggested that the 
synchrotron emission due to WIMPs can also be respon- 
sible for an excess of microwave emission from a region 
within ~ 20° of the galactic center (the WMAP haze), 
measured by WMAP Q ■ In Ref. 0] this possible connec- 
tion of the WMAP haze with WIMP annihilation in the 
galactic center has been reconsidered, with the purpose of 
putting upper bounds on the neutralino self-annihilation 
cross-section. The analysis of Ref. Q is carried out in 
terms of various annihilation channels and dark matter 
density profiles. 

In the present note we address some of the previous 
aspects in the usual framework of thermal WIMPs in 
a standard cosmological model. First we recall that 
a generic upper bound for indirect signals due to self- 
interaction of any thermal self-conjugate WIMP can be 
derived in a model-independent way. Then we show that 
an experimental upper bound which can compete with 
the generic upper limit and is conservatively stronger 
than the one obtained from the WMAP haze is deriv- 
able from measurements of cosmic antiproton fluxes, for 
some values of the parameters of the astrophysical prop- 
agation model. Finally, we discuss the relevance of the 
generic upper limit for an interpretation of the WMAP 



haze in terms of neutralino self annihilation in the galac- 
tic center. In what follows, we use the subscript x to 
denote properties related to our generic self-conjugate 
WIMP (not necessarily a neutralino). 



The first point was discussed in Refs. [5|, |6( and fur- 
ther developed in Ref. Q • The reasoning goes as follows. 
Any signal due to WIMP self-annihilation is proportional 
to p x (f){a ann v)n, where p(r) x is the WIMP galactic dis- 
tribution and (o'ann'y)o is the average, over the Galactic 
velocity distribution, of the WIMP annihilation cross- 
section multiplied by the relative velocity. For conve- 



nience, we rewrite p(r) x as p(r 



p(r)£, where p(r) 



denotes the total dark matter galactic distribution and 
£ the fractional part due to the WIMP x- Thus, the 
signal depends on the specific physical properties of x 
through the quantity £ 2 (cr a nnv)o, and not simply through 

This is a crucial point, which can be elucidated by em- 
ploying the rescaling recipe of Ref. [s| for obtaining the 
factor £, i.e. by setting £ = min[l, r2 x /i 2 /(f2cDM^ 2 )min], 
where (f2cDM^ 2 )min is the minimal amount of cold dark 
matter in the Universe. We recall that this factor £ has 
the effect of rescaling the WIMP galactic density, when 
its average relic density in the Universe is below the min- 
imal amount required for cold dark matter on the basis 
of cosmological observations (in other words, when the 
generic candidate \ represents only a subdominant com- 
ponent of cold dark matter). 
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Once the factor £ is introduced by the rescaling recipe 
of Rcf. one can readily understand some relevant 
properties of ^ 2 {<J ann v) as a function of the set -q of pa- 
rameters of the particle physics model which describes 
our generic cold relic. Taking into account the relations 
among the annihilation cross-section at zero tempera- 
ture (er alm «)o (relevant to the WIMP signal), the inte- 
gral of (fT ann w)Fo from the present temperature up to 
the freeze-out temperature 7/ (relevant to the relic abun- 
dance) and the WIMP relic abundance £l x h 2 , by analytic 
arguments one derives that the quantity £ 2 (<7 an nw)o has 
a maximum, independent of m x . This maximum is given 
by: (£ 2 (o-annv)o)ma X =< a ann u > \ v = v > , where the val- 
ues vl are such that (r2 x /i 2 ) 77=7? / = (dcDM^lmin (see Ref. 
Q for the details of the derivation). We disregard here 
special situations such as the one where co-annihilation 
would play a relevant role. 

An estimate for (£ 2 (cr ann i>)o) m ax can be derived ana- 
lytically, if one employs the standard expansion in S and 
P waves: (<7 ann ii) ~ a + b/x, for the thermally averaged 
product of the annihilation cross-section times the rela- 
tive velocity of the self- interacting particles (x = m x /T 
where T is the temperature of the Universe), assuming 
that a > |6|/(2x/) and that no substantial cancellations 
occur between the S and P terms (i.e. a 3> \b\/(2xf)), 
in case of negative values of 6 (xf is the value of x at 
freeze-out). 

By plugging in numbers (an important ingredient be- 
ing the WMAP value (ricDM^ 2 )min = 0.092), one obtains 
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3 — 5 x 10 26 cm 3 • s 1 indepen- 



dently of m x . This result, valid for a generic WIMP, is 
supported and strengthened by numerical analysis, in the 
case of relic neutralinos (see Fig. 2 of Ref. Q), to: 
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3 x 10" 26 cm 3 
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Notice that, whereas the quantity £ 2 {<7 ann u)o is lim- 
ited from above by the bound of Eq. (JTJ), the quan- 
tity (cr ann w)o is limited from below, since the cosmo- 



logical bound Q x h 2 < (Ocdm^ )r 



0.12 implies 



(cannv)o > 9 x 10~ 27 cm 3 - s _1 . However, for instance 
in the case of neutralinos, {cr a , an v)o can take values much 
larger than its lower bound in sizable regions of the super- 
symmetric parameter space, though obviously preserving 
the upper limit of £ 2 (c ann u)o. Upper limits on (a ann v)o 
are only related to the particle physics properties of the 
WIMP candidate, and constrained by accelerator data 
and other laboratory precision measurement. 

Now we turn to the comparison of our bound of Eq. 
(JTJ with the ones presented in Ref. 0|. Notice that the 
analysis carried out in Ref. [i| concerns WIMPs largely 
contributing to the galactic dark matter in a framework 
which includes non-thermal production or in general non- 
standard cosmology. The upper bounds derived in Ref. 
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FIG. 1: Generic upper bound of Eq.([TJ) (horizontal solid line) 
and bounds from cosmic antiproton searches (shaded area) 
for the quantity £ 2 (o- ann u)o. The generic upper bound applies 
to thermal WIMPs. The antiproton bound is derived for the 
case of WIMP annihilation into a bb final state [l(J and de- 
fined as the admissible excess in the available data [ll| (for 
antiprotons kinetic energy of 0.23 GeV) over the standard 
background [U at 2a. The upper, median and lower lines 
refer to the maximal, median and minimal fluxes obtained by 
varying the diffusion models parameters. 



0] can be immediately converted into upper bounds in 
the scheme we are discussing here (thermal WIMPs in a 
standard cosmological model) by simply substituting the 
uantity (cr alin v)o on the vertical axis of Fig. 3 of Ref. 



by the quantity C{a a , nn v) . 
Thus, we find that in the standard case of a thermal 
WIMP, the generic upper bound of Eq. (JTJ) , based only 
on rescaling properties and the low-energy expansion, is 
more stringent than those derived in Rcf. 0], which 
imply a number of specific astrophysical and particle- 
physics hypotheses. The upper bounds of Ref. 0| ap- 
proch the upper limit of Eq. (JTJ) only in a narrow window 
with neutralinos masses ~ 100 GeV, when a Navarro- 
Frenk-White halo profile is assumed. For a less steep 
density distribution, like in the case of a cored profile, 
Rcf. [4(] shows that the bound obtained from the syn- 
chrotron emission is significantly milder. 

It is also worth noting that, as far as neutralinos are 
concerned, the bound (£ 2 (<7 ann ?;)o)max — 3 x 10~ 26 cm 3 • 
s _1 is certainly more stringent than the ones derivable by 



3 



present measurements of the cosmic positron spectrum 
and by the EGRET gamma ray spectrum. This simply 
because in these two cases the signals originated by neu- 
tralino annihilation require anyway a robust boost factor 
in order to fit the experimental data. Instead, for cosmic 
antiprotons, available experimental data can disallow a 
number of supersymmetric configurations for some values 
of the parameters of the astrophysical diffusion model 9 1 . 
Note that this is at variance with what stated in Ref. 4| , 
where the constraints from antiprotons are not consid- 
ered and it is affirmed that the bound from synchrotron 
emission is more stringent than that provided by any 
other current indirect detection channel. As an example 
of the bound which can be obtained from the antiproton 
signal, we show in Fig. [T]the upper limit on £ 2 (cr ann v)o 
obtained by considering the antiproton flux from dark 
matter annihilation at kinetic energy Tp = 0.23 GeV 1C| 



and comparing it with the current available data 11| and 
background determination [l^. In Fig. [T]we have consid- 
ered the uncertainty in the calculation of the antiproton 
flux which originates from the galactic propagation. For 
masses below 100 GeV and for a wide range of the astro- 
physical parameters involved in the diffusion process, an- 
tiproton searches can set limits stronger than the generic 
bound of Eq. (fT|). In a more refined analysis, which takes 
into account the whole antiprotons energy spectrum, the 
upper bound of Eq. (TTJ) has been employed in Ref. |7|] to 
establish that, in absence of a substantial dumpiness ef- 
fect in the Galaxy the cosmic antiproton spectrum 
is expected to be insensitive to neutralino annihilation 
for neutralino masses > 200 GeV. 

Finally, we turn to some comments about the impact 
that our upper bound in Eq. |T]) can have on the interpre- 
tation of the WMAP haze in terms of thermal WIMPs. 



For this purpose a useful guide is provided by the lower 
frame of Fig. 3 in Ref. 0, where a density profile 
steeper than the NFW is adopted. Firstly, by compar- 
ing the results there reported with the bounds derived in 
Ref. 0] , one realizes that large astrophysical and particle 
physics uncertainties affect the evaluation of the haze ef- 
fect. If we now wish to extract from the results of Ref. Q| 
the relevant thermal WIMP candidates, we have to limit 
the values of (a wn v)o from below, since the cosmologi- 
cal upper bound implies (<T ann v}o >9x 10~ 27 cm 3 - s -1 . 
Taking into account the bound of Eq. (TTJ), one finds that, 
for most of the annihilation modes, an interpretation of 
the WMAP haze in terms of thermal WIMPs constitut- 
ing the most part of dark matter favors relics with a mass 
m x < 400 GeV. In the case of a direct annihilation into 
e + — e~, larger values of the WIMP mass are accessible. 

To better constrain the model in terms of thermal 
(dominant or subdominant) ncutralinos, it would be in- 
teresting to carry out a detailed combined analysis of 
cosmic antiproton fluxes and of the WMAP haze effect, 
using, for both type of signals, the same diffusion model 
and density profile. 
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